Protein A-gold (PAG) and a primary porcine antiserum were used in immunogold silver staining (IGSS) for the detection of transmissible gastroenteritis virus (TGEV) in formalin-fixed paraffin-embedded tissue sections of small intestine originating from infected pigs. Immunogold electron microscopy was used to evaluate the reactivity of the prepared PAG marker with the specific porcine TGEV antiserum. Gold particles were closely associated with single virions and immune aggregates of TGEV. When IGSS, using PAG as the marker, was applied to tissue sections, dark staining of TGEV-infected villous enterocytes was observed. Background was low, allowing good visualization by light microscopy of the distribution of viral antigen. Two other gold conjugates, protein A/G-gold (PA/GG) and protein G-gold (PGG), were tested in IGSS. The labeling with PA/ GG was comparable to that obtained with PAG. However, no staining was observed when PGG was used. The use of IGSS and PAG offers advantages and may represent a useful technique for the detection of other viral pathogens.
and its high potential for the detection of a variety of tissue antigens by light microscopy in formalin-fixed paraffin-embedded tissues. 7, 13 Few studies have reported the use of IGSS for the detection of viral antigens in fixed tissues, 4-6 and in these studies streptavidin-gold or gold-labeled secondary antibodies were used. The use of protein A instead of conjugated secondary antibodies may present an advantage. Protein A interacts with immunoglobulins of different mammalian species 17 so the necessity for stocking many different species-specific conjugated animal immunoglobulins can be reduced. Protein A-gold (PAG) complex used in the IGSS method recently has been successfully applied to the detection of porcine rotavirus antigen in tissue sections of small intestine. 18 In that study, the primary antibody used was a polyclonal rabbit antiserum, a species for which protein A has a good affinity. 17 Little data exist on the reactivity of protein A with antibodies of swine in immunohistochemistry.
To obtain information on this reactivity, the use of PAG in IGSS using a specific porcine antiserum to detect TGEV antigens in formalin-fixed paraffin-embedded intestinal tissues from infected pigs was investigated. Two other commercially available gold conjugates, protein A/G-gold (PA/GG) and protein Ggold (PGG), were also tested in IGSS.
Materials and methods
Tissues. Intestinal tissues from eight piglets with naturally occurring TGEV infections were used. Tissues were obtained from necropsy submissions. a,b Infection by TGEV in all cases was demonstrated by IF staining of frozen sections. Controls included tissues from a rotavirus-infected pig and tissues from one uninfected pig. Tissue specimens routinely processed for paraffin embedding were cut in 5-pm-thick transverse sections. Sections were mounted on clean glass slides without any adhesive.
Viruses. The Purdue strain of TGEV and two TGEV field isolates d were propagated on A72 or ST cells. e,f All strains were biologically cloned twice by limiting dilution. The Purdue strain was purified on sucrose density gradients, and fractions corresponding to 1.18-1.20 g/ml were used for further analysis. The two field isolates were partially purified (pelleted through 20% w/w sucrose).
Antiserum. Specific porcine TGEV (Purdue strain) antiserum d was used. For gold immune electron microscopy (IEM), the antiserum was diluted in phosphate-buffered saline (PBS; 0.01 M, pH 7.4) containing 1% bovine serum albumin (BSA). For IGSS using PAG, the specific antiserum was diluted in Tris-buffered saline (TBS; 0.02 M, pH 7.4, 0.15 M NaCl) containing 0.1% BSA. Because PGG is sensitive to competition from proteins like BSA used to reduce background staining, 12 BSA was not included in the antiserum dilution buffer for IGSS using PGG and PA/GG. Antiserum dilution was identical for all three gold conjugates.
Gold conjugates. Suspensions of colloidal gold particles approximately 5 nm 19 and 15 nm 10 in diameter were prepared and conjugated to protein A. g The 5-nm and 15-nm PAG complexes were prepared as previously described. 11 For IEM, the 15-nm PAG complex was standardized by spectrophotometry to an optical density A 520 of 1.0 in PBS containing 0.1% polyethylene glycol 20,000 (PEG). For IGSS, the 5-nm PAG complex was standardized to 0.5 in 0.05 M TBS, pH 7.4, containing 0.02% PEG and 1% BSA. The 4-nm colloidal gold-recombinant protein A/G (LM grade), h provided at an optical density of 2.0 at 520 nm, was diluted 1:20 in 0.05 M TBS, pH 7.4, containing 0.02% PEG, without BSA. The 5-nm colloidal gold-recombinant protein G (LM grade),' provided at an optical density of 3.0 at 520 nm, was tested at dilutions 1:20 and 1:40 in 0.05 M TBS, pH 8.2, containing 0.02% PEG, without BSA.
Gold IEM. Suspensions of prepared TGEV (Purdue strain and field isolates) were used to assess the reactivity of the PAG conjugate. Virus particles were labeled employing the float method. 16 Formvar carbon-coated nickel grids were deposited on 1 drop of the viral suspension for 5 min at room temperature, partly dried, and washed on 6 drops of PBS containing 1% BSA. The grids were then incubated on 1 drop of the diluted porcine antiserum for 5 min. Following another washing step with 6 drops of gold buffer, the grids were deposited on 1 drop of the gold conjugate for 5 min. Finally, the grids were washed in 6 drops of PBS, rinsed twice on distilled water, and negatively stained with 3% phosphotungstic acid (PTA, pH 6.0). Examination was performed with a Hitachi H300 electron microscope. The specificity of the gold IEM method was assessed by comparison with controls, which included incubation of test virus with gold complex alone and incubation of test virus with nonimmune serum followed by gold complex.
IGSS. The immunohistochemical staining of formalinfixed paraffin-embedded sections was done essentially as pre- viously described, 7,18 except without the Lugol's iodine step. An enzymatic digestion with 0.1% protease XIV, j 10 min at 37 C, was necessary to unmask the antigen. When using the PAG complex, washing buffer I was TBS containing 0.1% BSA, 0.05% Tween 20, and 0.2% Triton X-100. When using PA/GG and PGG conjugates, washing buffer I was TBS. Washing buffer II was TBS at the same pH as the gold buffer. Nonspecific staining was reduced by incubation with inactivated undiluted fetal bovine serum (FBS) prior to the application of the primary antibody onto the sections and again before the application of the gold complex. The best results were obtained when the antiserum was incubated overnight at room temperature. Finally, enhancement of gold labeling was performed by covering the sections with 4 drops of the freshly prepared solution of the silver enhancement kit. k Controls included (1) testing of specific antiserum on sections from a noninfected young pig and from a rotavirus-infected pig, (2) testing of normal porcine serum on tissue sections from all infected pigs, and (3) testing of nonspecific binding of the gold complex by incubation of the gold complex alone on tissue sections from infected pigs.
Results
Gold IEM The use of a specific antiserum of porcine origin in combination with FAG resulted in specific gold labeling of the Purdue strain of TGEV as well as the two field isolates. The gold particles were closely associated with single virions (Fig. IA) or immune aggregates ( Fig. 1 B) , and minimal background was noted. No labeling was observed when virus was incubated with either the buffer or the negative control serum (Fig. 1C ). In these controls, when observed, gold particles were not associated with the viruses.
IGSS. Villous enterocytes of fixed small intestinal tissue from all 8 TGEV-infected piglets showed a dark cytoplasmic staining using a porcine TGEV antiserum and PAG as the marker. Labeled enterocytes were distributed over the tip and along the sides of atrophied villi. Distribution of the viral antigen in the infected tissue could be easily observed by light microscopy following the silver enhancement of the gold label ( Fig.  2A ). Background was low, and the high contrast of labeled cells was not altered by hematoxylin counterstain. No specific labeling was observed in any of the controls. The use of the PA/GG complex resulted in a labeling of villous enterocytes comparable to that observed with PAG ( Fig. 2B ). However, no labeling was observed with the PGG conjugate (Fig. 2C ).
Discussion
IGSS was successfully used for the detection of TGEV in formalin-fixed paraffin-embedded intestinal tissues. The PAG complex, in IEM, provided good labeling of individual virus particles and viral immune aggregates when a porcine antiserum was used as a primary antibody. Moreover, with this antiserum, the PAG complex also was a good marker in IGSS.
Some differences exist in the reactivity of the PGG complex with the primary porcine antiserum. When this gold conjugate was used in the IGSS technique, it failed to reveal any good labeling of TGEV antigen in formalin-fixed paraffin-embedded tissues.
Like protein A, protein G has a high affinity for immunoglobulins from various mammalian species. However, its binding properties and avidity for several polyclonal and monoclonal antibodies (mouse, rat, goat, bovine) have been shown, by immunochemical techniques, to be superior to those displayed by protein A. 1,2 A comparative evaluation of the efficiency of protein A and protein G in immunocytochemistry 3 indicated that protein G is able to interact with a broader range of polyclonal antibodies than is protein A, and protein G has greater reactivity with monoclonal antibodies. The reactivity of protein A and protein G with porcine immunoglobulins has not been studied with immunohistochemical or immunocytochemical techniques. However, an immunochemical technique (enzyme-linked immunosorbent assay) recently revealed that recombinant protein G has a significantly lower affinity for polyclonal antibodies from pig than does protein A. 9 This lower affinity of protein G for porcine antibodies also was observed in our immunohistochemical study, where PGG did not yield any good labeling of the viral antigens. However, the possibility that the PGG conjugate requires conditions of applications different than those used in the present study cannot be ruled out.
Recently, a genetically engineered protein A/G was produced. 9 Comparative immunochemical studies have demonstrated that this chimeric protein presents a broader spectrum of reactivity with immunoglobulins of different species and subclasses than either of the two parental proteins A or G. 8, 9 Moreover, in a recent immunocytochemical study, the PA/GG complex yielded labeling for all immunoglobulin species and classes comparable to that obtained by either PAG or PGG. 12 However, swine immunoglobulins were not tested in this study. Our results indicate that the reactivity of protein A/G and protein A with porcine antibodies is comparable in IGSS.
The PAG complex with IGSS has been successfully used in the detection of viral antigens in formalin-fixed paraffin-embedded tissues in this study for detection of TGEV using a porcine antiserum and in a recent study 18 for the detection of porcine rotavirus using a rabbit antiserum. In conclusion, IGSS using PAG as the marker may represent a useful immunohistochemical procedure and an alternative diagnostic method for the detection of viral animal pathogens.
